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I. INTRODUCTION
In most fluids, including the ideal gas, an initial compressive disturbance steepens with time into a compressive shock discontinuity, while an expansive disturbance flattens out, never producing a dis- A detailed analysis of the shock discontinuity for arbitrary state equations was made in 19^2 by Bethe 4 in a report of initially limited distribution. And it is shown in [k] that the probability of satisfying a necessary condition for the non-MHD rarefaction shock in the gaseous phase of a substance is practically non-existent, including the specific fluid treated in [2] and [3] . The equilibrium coexistence phase of both liquid and vapor was not considered.
In this paper, the two-phase region of the Van der Waais-Maxweii fluid is examined. Motivation for this investigation is provided by observations on exploding wires. The early electrical resistance of many exploding wires fits a model which assumes a vaporizing expansion wave proceeding radially inward from the cylindrical surface, shrinking the conducting cross section of the intact molten interior 5 
II. DISCONTINUITY CONDITION
Let P, V, T, and S be pressure, specific volume, temperature, and specific entropy respectively. The change of entropy across a discontinuous transition of a system initially at the state (P 0 , V 0 , T 0 , S 0 ) to the state (P, V, T, S) is given by properties; a notable exception is the detonation wave. For our purpose, we have assumed that the fluid on both sides of the discontinuity obeys a unique state equation, so that the transition is neither exothermic nor endothermic; a discussion of the Hugoniot curves for these latter transitions is given by Hayes" .
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The form of Eq. 
With w the adiabatic (and in this instance, isentropic) sound speed of the substance defined by w 2 = -V 2 i^z) , the right side of Eq. (5) is seen to be -w 2 /^2. The sound speed is expected to be real and finite for a well-behaved fluid; sin^e T and C v are always positive, then w will certainly be real if (^77) S 0. This latter condition holds for most substances, including the Van der Waals-Maxwell fluid, which we now describe more completely.
III. FLUID MODEL
The fluid may be either a liquid, vapor, or an equlibrium mixture of the two phases. For either of the single phases, the pressure is given by the Van der Waals function,
where R is the gas constant for unit mass and a and b are constants typifying the substance. By choosing for unit mass the molar mass of the substance, one replaces R with R, the universal gas constant. The (V,T) region where Eq. (6) with the loci V 3 (T) and Vi(T) specified later. Within the region where
independent of V. Outside coexistence, the fluid consists of a single phase, either liquid or vapor. For convenience we label the ypcnnns T S T,. h ^ V 5 V«.T) as the linuid nhase. and assert the vanor
phase occurs in both T s T C , V ^ b, and in T £ T c , Vi^T; S V.
The pressure in the equilibrium coexistence region is not P W (V,T), but is instead the vapor pressure function, P,(T), independent of V.
Til--; _. for any T £ T c ,
with the subsidiary conditions P H (Vi,T) = P A (T) = P w (V 3 ,T). Eq. (7) and its subsidiary conditions fix P.(T) and the V 3 (T) and Vf (T) loci of the coexistence boundary. This i-iaxwen ruie impxiciuxy imposes .ue
Although there is another suggested rule similar to Eq. (7) which
relaxes this condition on the specific heats it is less convenient because it requires additional information about the difference of these specific heats. For simplicity, we confine present attention to the Van der Waals-Maxwell fluid with the coexisting phase region governed by Eq. (7).
The isotherm segments of P A (T) are isobaric and extend from V 3 (T), the saturated liquid locus, to VI(T), the saturated vapor line. By replacing those portions of the mathematically defined but thermodynamicaiiy unacceptable isotherm segments of Eq. (6), with the acceptable isotherm segments of P A (T) in the coexistence state, we have 1^ /*v\ /rtP\ removed any possibility that I^TTJ might be positive for this fluid.
This fact insures that the right hand side of Eq. v5) is negative in all regions of interest.
IV .
We review briefly the conditions found in the ''ingle phase of thic fluid. Allowing C v to be a function of temperature alone, and successively applying operator (2) twice to Eq. (6), one finds with the dimensioiiless quantities
.
We see two ways the right hand side of Eq. (8) can be negative. a small volume appears homogenous on the length scale of that volume.
If, in addition, the dimensions of this volume are small enough that the mechanical relations may be reasonably approximated by differential equations, then continuum fluid mechanics can be used. We assume that +V}g3g conditions apply in our further treatment of the coexistence state.
In this connection, Cowperthwaite and Ahrens -"" have recently given a discussion of the thermodynamics of the adiabatic change of a system consisting of two phases at the same pressure. They find several ways such a change is also isentropic; one of these requires reversible heat exchange between the phases, with the mixture composition changing so 
C. Coexistence Isentropes
Since P A (T) is independent of V; using P A (T) for P in Eq. (5) gives ( 
Inequality (21) shows that the size of the second volume derivatives of fhp ispntroTiPS in coexistence is bounded 'he+vween t.he value on the saturated liquid and vapor lines, the smaller being on the latter locus.
Thus, examination for the rarefaction shock possibility can be made at the saturated vapor locus, with the assurance that if the necessary condition be met anywhere in coexistence, it must also be met on this locus. We recall from Section IV that the most likely neighborhood for the occurence of this condition in the single phase was also adjacent to the saturated vapor line, i.e., for V as (ty3) V c and T = T(min). is never positive on and outside the coexistence boundary, while C vA is always positive, so A is never negative. Hence, no rarefaction discontinuity can occur because of a negative jump in i=rrr; \ÖV/ s across the coexistence boundary.
BvEa. (15). the sign of [K^SH is seen to be that of L(V,T); ---• -

VI. SPECIFIC HEAT FUNCTION
For this fluid, a necessary condition for the rarefaction shock depends explicitly on the constant volume specific heat. We explore briefly the expected contribution from a representative specific heat function. Choosing the same units for Cy and R, the ratio Cy/R is dimensionless. To good approximation, C°/R can be expressed in terms of translational, rotational and vibrational energy contributions, respectively, as"", (C°/R) = (C°/R)(tr.) + (C°/R)(rot.) + (C° /R) (vib.).
where ail sums range from 1 to A, where A is the number of vibrational modes, and g, (x, ) is an Einstein function given by 
'Pi
This function k t (x t ) has a maximum value of .6757 at Xi = 1.7^; while g. (x. ) has its largest value of 1 at x, =0. Therefore,
where equality is approached only if all 9, have the same value, and k. is at its maximum; ana
where the equality is approached only if every 9 4 T, so each x t is nearly zero. With the assumption B = 6, use of Eqs, (29) and (35) Two theoretical isentropes passing through the critical point were computed, one for C°/R = 3/2 and one for C°/R = 5/2; this latter one has only a slightly larger slope than the former. 
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